abstract -The present study aimed to assess the performance of healthy Brazilian adults on the Rey Auditory Verbal Learning Test (RAVLT), a test devised for assessing memory, and to investigate the influence of the variables age, sex and education on the performance obtained, and finally to suggest scores which may be adopted for assessing memory with this instrument. The performance of 130 individuals, subdivided into groups according to age and education, was assessed. Overall performance decreased with age. Schooling presented a strong and positive relationship with scores on all subitems analyzed except learning, for which no influence was found. Mean scores of subitems analyzed did not differ significantly between men and women, except for the delayed recall subitem. This manuscript describes RAVLT scores according to age and education. In summary, this is a pilot study that presents a profile of Brazilian adults on A1, A7, recognition and LOT subitem.
Memory is defined as a group of abilities involving acquisition, storage and retrieval of different types of information 1 . Long-term memory allows the storage of large quantities of information for an indefinite period of time, while short-term memory is the ability to store small quantities of information for limited periods. Models representing memory and its subsystems incorporate the concept of working memory, defined as a memory system which involves temporary storage and manipulation of information for performing a wide variety of cognitive activities such as reasoning, comprehension, and repetitive tasks 2 . This system is divided into three interconnecting subsystems: the articulatory loop, visuo-spatial sketchpad and central executive. The articulatory loop is responsible for processing and temporarily retaining speech knowledge, and is made up of different components: a phonological store which retains the information in phonological code, and the articulatory process, responsible for maintaining the material in this store active as well as recoding all other non-phonological material 3 . certain variables may impact the performance on working memory tests including educational level, sex and age 4 . Although several tests to evaluate this type of memory have been described , little is known about the performance of the Brazilian population on these tests. A test frequently referred to in the international literature is the Rey Auditory Verbal Learning Test (RAVLT) 5 , which evaluates memory and learning. The study of this instrument is important to delineate the performance profile of the Brazilian population.
This study intends to investigate the influences of age, sex and educational level on the performance on RAVLT of normal adults, and suggest scores to assess memory according to this instrument.
metHod
One hundred and thirty Brazilians participated in this study, divided into two different age groups (young adults: aged between 34 and 59 years; and elderly individuals: aged between 60 and 85 years) and educational levels (low: 4 to 8 years of formal education; and high: 9 or more years of education). The inclusion criteria were: age between 34 and 85 years and at least 4 years of schooling. The exclusion criteria were: uncorrected hearing impairment, severe neurological or psychiatric disorders; chronic psychotropic drug use; traumatic brain injury with loss of consciousness of 15 minutes or more; previous history of stroke or epilepsy. This study was approved by the Research ethics committee of UNIFeSP, under protocol no. 0993/06.
The RAVLT was administered after having been translated and adapted to Brazilian Portuguese 6 . The test was administered according to its original standards 5 : fifteen translated nouns (list A) were read by the examiner, followed by subjects' free recall (A1-A5), five times consecutively. After the fifth recall, the examiner read a further list (list B) of 15 new words, followed by the subjects' free recall (B). Immediately after and 20 minutes later, another recall of list A (A6 and A7) were assessed A recognition test, with 15 words from List A intermingled with 15 new words, was read to the subjects, who should identify which words belonged to the original list and which were new.
A method developed in MOANS (Mayo's Older Americans Normative Studies) 7 was used to analyze learning, by standardizing scores: the Learning Over Trials (LOT), which is the total number of words recalled from all five trials minus five times the number of words obtained in the first trial.
we examined the scores of A1, A7, recognition and LOT to observe the performance of the subjects on immediate recall, delayed recall, recognition and learning, respectively.
Multiple linear regression was used to investigate the individual relationship between the independent (sex, age and education) and dependent (memory test results of A1, A7, recognition and LOT subitems) variables. The assumptions of these analyses were verified. A p value of <0.05 was considered to indicate statistical significance; all tests were two-tailed. All statistical analysis was performed with the Statistical Package for Social Science for windows (Version 11.5.1).
results
One hundred and thirty patients were assessed: 65 from the young adult group and 65 from the elderly group. Of these 130 subjects, 75% were women.
The subjects aged from 34 to 85 years (mean±Sd= 57.4±13.4) and educational level ranged from 4 to 25 years (mean±Sd=10.0±4.6).
The scores obtained in A1, A7, recognition and LOT subitems of the RAVLT are shown in Table 1 .
Multiple linear regression analysis was performed to verify which factors impacted RAVLT scores. The results of A1, A7, recognition and LOT subitems were used as dependent variables whereas sex, age and education (Table  2) were used as independent variables.
Age correlated strongly with all RAVLT subitems independently of educational level and sex. education was strongly correlated with all except with the learning RAV-LT subitem. Sex was strongly correlated only with the delayed recall subitem. Table 3 shows a descriptive analysis of the results obtained for the RAVLT subitems analyzed, with subjects divided by age and education.
discussion
The main finding of this study is that age influenced the scores of all the subitems analyzed, however, the positive and significant effect of education was not observed in learning. Sex had no influence on any subitems, except for delayed recall.
It is well described the negative effect of age on RALVT score 4 . however, only few researchers have evaluated the sex variable. The performance on A1, A7, recognition and LOT subitens revealed an increase in the number of words recalled in these two attempts (A1 and A7) This improvement could be attributed to the learning that occurred following consecutive readings of the list.
The analyses of these subitems indicated correlation between the scores, such that all the combinations were statistically significant. The mean and median scores were very close to the maximum possible score for the recognition test, which suggests a ceiling effect for normal subjects. however, individuals with impaired memory perform poorly on this test 8 .
Our results are consistent with those observed by diniz et al. 9 : the means of A1 and A7 in the adult and elderly groups were similar to one another in both studies. however, the test version used was different from ours.
The score analysis of immediate recall (A1) indicates influence of education and age, independently, but not sex. The main component of working memory responsible for this task is the articulatory process of the articulatory loop, which function is to hold auditory information in memory using subvocal reverberation. Increase in age has a negative influence on the functions of the articulatory loop articulatory process whereby the aging process All previous studies investigating the influence of age on A1 scores noted a negative effect for this variable 8,-14 . Some studies have investigated the influence of schooling on A1 scores and also found a strong and positive relationship between schooling and A1 subitem performance 13, 14 . In contrast to our findings, several studies suggest sex influences A1 subitem performance, with women outperforming men 8, 14 . Nevertheless, this effect was not observed in a previous Brazilian study 9 .
The results on the delayed recall (A7) were influenced by sex, education and age, independently. The better performance was related to younger age, higher educational level and female sex. This task involves two components of working memory: the articulatory loop and episodic buffer 15 . The function of the episodic buffer is to integrate information from the articulatory and visuo-spatial loops, along with long-term memory material 16 . Thus, to achieve delayed recall, the subject needs to use both the articulatory loop, to store the audibly received material and maintain it active, as well as the episodic buffer. The poor performance of the elderly subjects and those with a lower educational level can be attributed to the articulatory loop and episodic buffer, based on the hypothesis that the aging process leads to impairment in mechanical components. Moreover, lower educational levels would indicate less efficient use of these components.
concerning sex influence, our findings indicated that women, independently of age or education, presented better use of the articulatory loop and the episodic buffer.
earlier studies that analyzed the influence of age on A7 scores have also verified the negative influence of this variable 9, 13, 14 . however, the effects of education on A7 scores have been examined in a few studies found in literature 13, 14 , where all demonstrated this variable's positive influence on A7 performance.
Sex influence on A7 scores has also been examined by studies 9, 14 , where results on sex effects were contradictory. Scores for recognition were influenced, independently, by age and education, but not by sex.
Poorer performance on recognitions tasks by elderly and less-educated subjects, as for A7 subitems, can be attributed to inefficiency of the articulatory loop and episodic buffer, which also require the participation of these two components.
The functions of these two components are also impaired with aging and go underused with lower-educational background. however, as in recognition, the articulatory loop has a less significant role in recall. Of the two components required for the recognition task, the episodic buffer is the most jeopardized by the effects of age and education.
The present study results corroborate findings of other studies that examined the effect of age on the test scores of the cognition subitem . The negative influence of age, revealed in the present study has been reported in earlier work 9, 11, 13, 14, 16 . however, a number of studies in the literature did not confirm the negative effect of age on the test, stating this variable had no influence 8, 12 . All the studies that examined the effects of educational level on recognition scores found this variable to have positive influence. however, this effect was not always independent of the age 11 . Influence of sex was also absent in previous studies 8, 9 , but conflicting results exist in the literature 14 .
The recognition task, however, was not administered in the same manner in all the studies cited 8, 9, 11, 12, 14, 16 . differences in procedure for administering the recognition test hampers comparison of study results. This is the case for both test scores obtained, and how the variables age, education and sex influence the results. .
Regarding the LOT subitem performance, statistically significant influence was observed for age, but not sex or education.
Learning, akin to delayed recall and recognition tasks, requires the participation of the articulatory loop and episodic buffer. during learning, the articulatory loop allows the input of more permanent information for storage in long-term memory 17 . The connection between working memory and long-term memory is made possible through the episodic buffer 15 . This allows us to assume that younger subjects perform better on the immediate recall task due to more effective use of the articulatory process of the articulatory loop, as seen in the A1 results. This younger group was also able to considerably improve performance on subsequent recalls. Improvement occurs due to the input and storage of more permanent information in longterm memory enabled by the articulatory loop and episodic buffer. This results in a higher learning score than that obtained by older individuals who have poor immediate recall performance and worsening performance on subsequent recall trials.
The lack of influence of education on learning, although present in immediate recall, allows us to infer that subjects with higher educational levels present better results on A1 than those with lower educational levels and points to better use of the articulatory process. The articulatory loop and episodic buffer, by themselves, do not aid in recalling a sufficiently large number of words during the five trials to result in a higher learning score in in- dividual's with greater schooling than subjects with lower educational background.
comparing our results with literature, LOT subitem scores were negatively influenced by age, as observed in previous studies 8, 9, 11, 14, 16 . The absence of influence of this variable on learning scores has been reported in a previous study 12 . Regarding influence of education, the findings in this study differ from those found in other studies stating the positive effect that the education had on the learning score. depending on the subject' s age, this effect was not always evident 11 . different results were also found for influence of sex on learning score. A number of studies 8, 14 have reported the influence of sex, with females scoring higher than males, although this was not observed in the present study.
The learning measurement used in our study was not the same at that used in previous studies investigating learning over testing, which adopted different learning score parameters 8, 9, 11, 12, 14, 16 . different methods used in the various studies limit the comparison of the results.
Analysis of our data for age and education yielded highest scores in young adults with higher education levels. Lowest scores were observed in the elderly group with lower education levels. These results reflect the tendency for age and education to impact test results negatively and positively, respectively. Several studies in the literature confirm that the younger and more schooled an individual, the better their performance on neuropsychological test 8, 9, [11] [12] [13] [14] 16 . The present study also provided scores for the A1, A7, recognition and LOT subitems of the test, which are suggested in the memory evaluation of Brazilian subjects according to age and education. Although Brazilian results are available for the test cited in the literature 9 , the differences in methodology used should be noted. These differences involved learning measurement, recognition test and sample characterization, since the age groups in the study have different educational levels. Future studies involving the application of the RAVLT in the Brazilian population should include a greater study sample size to standardize the scores obtained. In practical terms, the main contribution of this study was to highlight the influence of the variables age, sex and educational background on the test scoring process. 
